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ABSTRACT 


In this paper, we investigate the influences of two continuum radiation pres¬ 
sures of the central engines on the black hole mass estimates for 40 active galac¬ 
tic nuclei (AGNs) with high accretion rates. The continuum radiation pressure 
forces, usually believed negligible or not considered, are from two sources: the 
free electron Thomson scattering, and the recombination and re-ionization of 
hydrogen ions that continue to absorb ionizing photons to compensate for the 
recombination. The masses counteracted by the two radiation pressures Mrp 
depend sensitively on the percent of ionized hydrogen in the clouds /9, and are 
not ignorable compared to the black hole virial masses Mrm, estimated from 
the reverberation mapping method, for these AGNs. As (3 increases, Mpp also 
does. The black hole masses M, could be underestimated at least by a factor of 
30-40 percent for some AGNs accreting around the Eddington limit, regardless 
of redshifts of sources 2 :. Some AGNs ai z < 0.3 and quasars at z > 6.0 have the 
same behaviors in the plots of Mrp versus Mrm- The complete radiation pres¬ 
sures will be added as AGNs match Mrp > 0.3Mrm due to the two continuum 
radiation pressures. Gompared to Mrm, M, might be extremely underestimated 
if considering the complete radiation pressures for the AGNs accreting around 
the Eddington limit. 

Subject headings: galaxies: active- galaxies: nuclei - galaxies: Seyfert - quasars: 
general - quasars: supermassive black holes 
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1. INTRODUCTION 


Active galactic nuclei (AGNs), such as quasars and Seyfert galaxies, are powered by 
gravitational accretion of matter onto supermassive black holes in the central engines. The 
energy conversion in AGNs is more efficie nt as implied by high flux variability and short 

her onto black holes can have 


variability timescales flUlrich e 


high energy release efficiency flRees et ah 


ah 


19971). Accretion of ma 


1982 


Rees 


1984J) . Broad-line regions (BLRs) 


in AGNs are photoionized by the central radiation of accretion disks. The broad emission 
line variatio ns will follow the ionizing continuum variat ions due to the photoionization 


process (e.g. 


Blandford &: McKee 


1982 


Peterson 


19931) . The reve rberation mappin g 


model was tested with the reverberation mapping observations (e.g 


Kaspi et ah 


2000 


Peterson et ah 


research studies is given by 


Kaspi &: Netzer 


1999 


200511. A review about the reverberation mapping 


Gaskell 


112009 


, and references therein). A general assumption 


for the cloud ensemble is often virial equilibrium. The BLRs are mainly dominated by the 
gravitational potentials of the supermassive black holes. This would imply Keplerian orbits 
of clouds, and this was supported with evidence for the Kepler ian motions of the BLR 
clouds within the well-studied Seyfert 1 galaxy NGG 5548 (e.g. 


Peterson fc Wandel 


1999 


Bentzetah 


20071) . The virialization assumption has been commonly and widely accepted 


for the reverberation mapping observations to estimate the black hole masses M,. This 
treatment neglects the contribution of a radiation pressure to the dynamics of clouds. 


As the central ionizing source is photoionizing the BLR clouds, the central radiation 
will produce a radiation pressure on the clouds. The radiation pressure will counteract 
a part of the gravitational force of a black hole. Thus, the clouds undergo a decrease 
of the effective gravity of the black hole, and then the orbital velocities of the clouds 
will decrease for the same orbital radii. In general, this will decrease the widths of 
broad emission lines, and then lead to underestimate the black hole masses based on the 
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reverberation mapping method. The radiation pressure force may contribute signihcantly 

ouds on bound orbits could be significa ntly 


sub-Keplerian 

(Marconi et ah 

2008, 

2009: 

Krause et ah 

2011 

). However, most of the 

orbits ( 

Baskin et ah 

2014 

)• 

Marconi et ah 


Netzer 


2009 


Netzer fc Marziani 


2 OIOI: 


lotoio nized gas in the BLR follows Keplerian 


fl2008h studied the effect of radiation pressure 


on black hole virial mass estimates for narrow-line Seyfert 1 galabcies, and the black hole 
virial masses m ight be signihcantly underestimated if the radiation pressure is neglected. 


Netzer 


(120091) found that the radiation pressure force is not important in 0.1 < 2 ; < 0.2 


AGNs with L(5100A) = 10^^'® erg s The simple virial mass estimates can give 
a reasonable approximatio n to M, even when the radiation pressure forc e is important 


(iNetzer fc MaTzia.ni 


19991: 


Kaspi et ah 


2000 


2010). In the reverberatio n mapping researches (e.g. 


Peterson et ah 


Kaspi fc Netzer 


20051) . the radiation pressures of the central 


engines were not considered in estimating M, for the broad-line AGNs. The continuum 
radiation pressures due to the free electron Thomson scattering and the recombination and 
re-ionization of hydrogen ions are usually believed negligible or not considered. In this 
paper, we will investigate the inhuences of the continuum radiation pressures on the black 
hole mass estimates for AGNs with high accretion rates, including quasars and broad-line 
Seyfert 1 galaxies. 


The structure of this paper is as follows. Section 2 presents model. Section 3 presents 
applications. Section 4 is for discussion and conclusions. In this work, we assume the 
standard AGDM cosmology with Hq = 70 km s“^ Mpc“^, Gm = 0.30, and Ga= 0.70. 


2. MODEL 

Several assumptions are made. First, the clouds mainly consist of hydrogen and are 
partially ionized. Second, the clouds are blobs at the distance R from the central black hole. 
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Dynamical equilibrium corresponds to circular orbits (e.g. 


Krause et al. 


2011 ). Third, the 


clouds are in the circular orbits. Fourth, the clouds are optically thin to the Thomson 
scattering. A cloud has a mass m ^ Nmn, where N is the total number of hydrogen in 
the cloud and mu is the mass of hydrogen atom. The cloud is subject to the gravity of the 
central black hole with a mass M,, and the gravity Fq is 

GM,m 


Fa = 




( 1 ) 


where G is the gravitational constant, and R is the orbital radius of this cloud. The cloud 
is exerted with a centrifugal force F^. 

,2 


mv 
R ’ 


( 2 ) 


where v is the circular velocity. Here, we consider two origins of continuum radiation 
pressure forces on a cloud: the Thomson scattering of the central source radiation by free 
electrons, and the recombination and re-ionization of hydrogen ions that will continue to 
absorb ionizing photons to compensate for the recombination. The recombination line 
photon number per unit time, i.e., the recombination rate of the ionized hydrogen, is 
free = neNu+au = (iNneOtu, where ob is the hydrogen recombination coefficient, rie is 
the number density of the free electrons, (3 is within 0 < /? < 1, and A^h+ is the number 
of the hydrogen ions. On the hydrogen ionizing timescale Tion, the neutral hydrogen 
atoms from the recombination are re-ionized into the hydrogen ions with a number 
'i^rec'Tion = /9A^’^ettB'Tion = A^'^ion/'Tree , where neOB = 1/Trec- ThuS, the total COUtinUUm 
radiation pressure force on the cloud due to the above two origins is 




4:71 




(3) 


where / = Ron/L is the ratio of the ionizing luminosity Lion to the central source luminosity 
L, (Tt is the Thomson cross-section, c is the speed of light, f3N is the ionized number of 
hydrogen atoms in the cloud, cJbf is the flux-weighted average of the hydrogen bound-free 









absorption cross-section, and Tree is the hydrogen ion recombination timescale in the cloud. 
The t wo continuum radiati on pressure forces in equation (3) are similar to those in equation 


(9) in 


Krause et ah 


fj2012[) that focused on stability of BLR clouds. The resultant of forces 


is Ft = Fr 


Fj.. As Ft = 0, we have 
v^R ^ La' 


M.= 


G 

v^R 




AtIcGiTLii 
La'f 


T /i<T„ r, 


G AncGm 


H 


P + Pf 


AncGmu Tree 
T~ion 


(Tt Tr, 


= Mbh + 7.95 X 10^ ( /3 ) L45 (Me) 


(4) 

!^')L 45 (Mq) 

T~Tec J 

= Mbh + Mrp, 

where m ^ A^mn is used in the deduction, L 45 = L/ 10 ^^ erg s Mbh is the black hole 
mass estimated as L is not considered, and Mrp is the black hole mass counteracted by the 
continuum radiation pressure due to the central engine luminosity. 

The cross-section a^ is equal to 


CTbf = 


IZ F^a^du /“ F^a^dz/ 


r'CO 

fun 




fF ' 

where F^ oc z/““, ph is the frequency of 13.6 eV photon, a^ is the photoionization 
cross-section of h ydrogen, F^n is the ioni zing radiation flux, and F is the total radiation 


(5) 


flux. For a = 1.5 ( Tarter fc McKee 


197311 . (Tbf ~ 1.1 X 10 cm^. The ionizing timescale is 
-1 


'T~\nr\ — 


'Un 


Fuau 

hv 


dz/ 


( 6 ) 


The recombination timescale of ionized hydrogen is 


Tree = (neaB(T)) 


-1 


(7) 


where = fdn-n is the free electron number density and uh is the number density of 
hydrogen. The hydrogen recombination coefficient asiT) was given with a set of formulae 
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by 


Seaton 

(1959 

). An 

Hummer & Seaton 


in ISeaton I fll959li. An analyt ic expression of as to the excited levels of hydrogen is given 


fll968l 


asiT) = 1.627 x - 1.6571ogT4 + O.SSdT^/^] cm^ s-\ 


( 8 ) 


where T 4 = 10 ^T, and T in units of K is the electron temperature of clouds. As 


0.5 < T 4 < ; 
the result of 


0 , equat i on fS ) gives ob to an accuracy of better than 1 percent relative to 


Seaton 


(119591 1. The photoionized ga s in clouds is at T ~ 10"^ K and produces 


optical and ultraviolet emission lines of quasars (iKrolik et ah 


198 ih . Photoionization 


2.6 X 10 cm^ s For the BLRs of AGNs, 


governs the thermodynamics of the clouds t hat have a sta 
order 10^ K, independent of their locations flKrause et ah 
ttB ~ 

calibrated radius-luminosity relation 


jle eq uilibrium temperature of 
201l[|. I n the c ase of T ~ 10^ K, 


Bentz et ah 


f)2009all presented the 


log R = -21.3 + 0.519 log ALa(5100A), 


(9) 


where R and ALa(5100A) are in units of light days and erg s respectively. The radiation 
flux F = L/AttR^. 

In general, there is 0 < /? < 1 that means a partially ionized cloud. /5 = 1 means 
a fully ionized cloud, and /? = 0 means a fully non-ionized cloud. First, we consider a 
case that a fraction of hydrogen is ionized, and we will take = 0.1 (Case A). The cloud 
may be mostly i onized, and we will ta ke (3 = 0.5 (Case B). The ratio of Ron/L has an 


average / ~ 0.6 (IMarconi et ah 


for t 


le BLRs of AGNs ( Davidson fc Netzer 


20081). A typical value of uh = 10 ^° cm ^ was obtained 


1979 : 


Ferland fc Elitznr 


19891 ). The luminosity L is estimated with L = 9 x ALa( 5100A) ( Kasni et ah 


1984: 


Rees et ah 


L = 6 X ALa(3000 A) is used for the ultraviolet (UV) continuum ( 


e.g. 


2 OOOI 


Willott et ah 


20101 ) . 


The range of 0 < /9 < 1 is suggested by the corresponding variations betwe en the broad-line 
and continuum light curves in the reverberation mapping observations (e.g. iKaspi fc Netzer 





































































1999; 

Kasni et ah 

2000 , 

2005) 


20051) ■ In the following section, we take / = 0.6, rin = 10^° cm 


T = 10^ K, and a = 1.5 to estimate M^p for Cases A and B. 


3. APPLICATIONS 


We collect 40 high accretion rate AGNs, including quasars and broad-line Seyfert 1 
galaxies, with the black hole virial masses Mrm estimated from the reverberation mapping 


method (see T able 1). Table 


collected from 


Peterson et ah 


consis ts of four parts. The hrst part contains 17 AGNs, 


fj2004i) . with relatively high accretion rates. The second 


part contains 1 3 AGNs with super-Eddington accreting massive black holes (SEAMBHs, 


Dn et ah 


m 


2015[). T he hrst results from a new reverberation mapping campaign are reported 


Du et ah 


( 2014 ) for the SEAMBH A GNs. The new rever 


of the SEAMBH AGNs are presented in 


Wang et ah 


f 2014af) and 


Derati on mapping obser vations 


Hu et ah I ( 20151) . The 


third part contains 9 quasars in the Ganada-France H igh- 2 : Quasar Survey (GFHQS) at 


redshift z > 6, accreting close to the Eddington limit (jWillott et ah 


2010 ). The last one 


contains 2 AGNs from other works. There is one overlap AGN (see Table 1). The GFHQS 
quasars have Mrm and luminosity ALa(3000 A). The optical luminosity \L\{ ovt) around 


5100 A at th e rest frame of source is used to estimate L with L = 9 x XLx(opt) ( Kaspi et ah 


20001) . As 


m 


Willott et ah 


( 2010 ). L = 6 X ALa(3000 A) is used for the GFHQS quasars. 


The estimated results of Mpp are presented in Table 1. 


Figure 1 shows the comparisons of Mpp to MpM- For Gase A, four AGNs with 
SEAMBHs and three GFHQS quasars have Mpp > 0.5 Mrm (see Figure la and Table 1). 
For Gase A, 9 AGNs match Mrp > 0.3Mrm (see Figure la). For Gase B, all AGNs match 
Mpp > 0.5MpM, and 30 AGNs follow Mpp > Mrm (see Figure lb). These comparisons 
show that the continuum radiation pressures of the central engines have a signihcant 
influence on the black hole virial mass estimates on the basis of the reverberation mapping 
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method. The masses Mrp are sensitive to the percent of ionized hydrogen atoms (3 in 
the clonds. For some AGNs, snch as IRAS F12397, IRAS 04416, and J1641+3755, the 
continnnm radiation pressnres can connteract abont 30-40 percent gravitational forces of 
M, (Case A). 

In the plots of Mpp versns Mrm, fhe SEAMBH AGNs, the CFHQS qnasars, and 
the rest of AGNs popnlate in the narrow zones (see Fignre 1). From this view point, 
the SEAMBH AGNs at z < 0.2 and the CFHQS qnasars at z > 6 are not essentially 
different. This means that their central black holes are likely accreting at the very high 
rates, regardless of the environments snrronnding these AGNs, bnt maybe related to the 
environments snrronnding the central black holes, snch as dnsty tori and accretion disks. 
Also, some of the rest of AGNs are at the similar accretion rates to those of the SEAMBH 
AGNs and the CFHQS qnasars. Whether or not the continnnm radiation pressnre is 
considered to estimate M, depends on the ratio of Mpp/M^M- The radiation pressnre mnst 
be considered as Mrp/Mrm ^ 0.5 that will lead to nnderestimate M, by a factor > 1/3, 
i.e., M, > 1.5Mrm- When Mrp/Mrm ^ 1-0, M, will be nnderestimated by a factor > 1/2, 
i.e., M, > 2.0Mrm- Thns, the importance of the continnnm radiation pressnre can not be 
neglected in estimating M, for the high accretion rate AGNs. 


4. DISCUSSION AND CONCLUSIONS 


There is a nndetermined parameter /?, the ionization percent of the BLR clonds, 
in eqnations (3) and (4). Two valnes of /3 = 0.1 and (3 = 0.5 are assnmed to estimate 
Mrp. These assnmptions may lead to some nnreasonable resnlts. Follo wing the Stromgre n 


radins of a Stromgren sphere of ionized hydrogen aronnd a yonng star (jStromgren 


1939h . 


an ionization depth of a clond is dehned as the position where the recombination rate 
eqnals the ionization rate, and the hydrogen atoms are fnlly ionized. As the recombination 
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Fig. 1.— Black hole masses counteracted by radiation pressures versus black hole masses 
estimated with the reverberation mapping method. Solid lines in plots (a) and (b) correspond 
to the different r atios of y/x. Solid black circles correspond to the A GNs with SEAMBH s 


(IDu et al. 


20151 ). Red open circles are the CFHQS quasars at z ~ 6 fjWillott et al. 


201 oh . 


Black open circles are the rest of AGNs in Table 1. 
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and ionization are in eqnilibrinm, the ionizing photon nnmber arriving at one clond per 
nnit time eqnals the recombination line photon number per unit time. The ionizing 
photon number arriving at the cloud per unit time is AcQ{H)/= AcUcrin, where 
Ac is the cross-section area of the cloud, Q{H) = Lion/{hv) is the ionizing photon 
number emitted by the central engine per unit time {{hv) the mean energy of photons), 

U = Q{H)/AttR^ctih is the ionization parameter of hydrogen, and uh is the hydrogen 
number density of the cloud. At the same time, the ionized region of the cloud produces 
the recombination line photon number per unit time n.enHQ;BK,ion, where rig is the electron 
number density in this region, and Vc^ion is the fully ionized volume of the cloud. Thus, we 
have AcUcnu = nenHttBlA^on because of the ionization balance. The ionization depth of the 
cloud is Dion - Vc,ion/Ac = Uc/ueaB = Uc/nnaB- The cloud has /3 = Vc,ion/Vc ~ Aon/T>c, 
where Vc and Dc are the volume and thickness of the cloud, respectively. 


The ionization parameter has U ~ OT-1 for emission line gas in qu asars and Seyfert 


1972 


McKee &: Tarter 


1975 : 


Kwan &: Krolik 


galaxies flDavidson 
10^-1 0^° cm“^ is required by a very large Lyman contin uum optical dept 


198ll) . A gas density of 


198ll ). The gas densit y values are the same as t hose in 


and Seyfert galaxies. 


Ferland fc Elitzur 


fll9^ got riB = 10^^^^ cm A density of 


Kwan fc Krolik 


fe.g. 

Krolik et ah 

E 

) for quasars 


ilO±l 


10® < uh ^ 10^^ cm ^ is set by the presence of broad semi-forbidden li ne C III]A1909 and 


the absence of broad for bidden lines such as [O III]AA4363,4959, 5007 flDavidson &: Netzer 


1979: 


Rees et ah 


Rees et ah 


1989; 


198911. The typi cal values are nn ~ 10^® cm ^ and U ~ 0.1 (e.g. 


Laoretah 


20061 ). The cloud size of Vr S (1~3) x 10^^ cm was constrain ed 


by the smoothness of the emission-line prohles flLaor et ah 


2006h . 


Baskin et ah 


(l20l4) 


showed a universal ionization parameter U ~ 0.1 in the inner photoionized layer of the 
BLR clouds, independent of luminosity and distance. The radiation pressure conhnement of 
the photoionized layer appears to explain the universality of the BLR properties in AGNs, 
the similar relative line strength over the vast range of lO^^-lO"^^ erg s“^ in luminosity 
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the lu mi nosity \L\{ovt) 


2009a 

b; 

Denne’v 

et a 

. 2010: Kasni et al. 1996, 2000, 

Wang & Zhang 

2003 

). This power-law relation spans c 

(Kaspi et al. 1 

2007 

)• 

Thus, U = Lion/3:71 R^cn-nihv) oc 


2005 


(ovt) ( 

Bentz et al. ^ 

>006, 

2007; 

Greene et al. 

2010 


between 


independent of XLx{opt), L\r.-n, and R. T 


parameter as snggested in 


Baskin et al. 


l is ind ependence may lead to a nniversal ionization 

(|201J). 


The typical valnes of nn ~ 10^° cm“^ and U ~ 0.1 are taken to estimate Hion, and then 
(3 with as ~ 2.6 x 10“^^ cm^ s“^ and Dc ~ 2rc < (2-6) x 10^^ cm. We have Aon ~ 1-2 x 10^^ 
cm, and then (3 ~ Dion/Dc ^ 0.2-0.6. Thns, it is basically reasonable to take (3 = 0.1 and 
0.5 in the calcnlations of M^p. So, the masses connteracted by the continnnm radiation 
pressnres of the central engines are not negligible compared to, or are comparable to the 
black hole virial masses at least for some AGNs (see Fignre 1). This connteracting effect 
of the continnnm radiation pressnre is signihcant for qnasars at x > 6 (see Fignre 1). 
JOlOO+2802 dX z = 6.30 has a bolometric luminosity of L = 1.62 x lO'^® erg s“^ and a 
black hole mass o f ~ 1.2 x 10^° Mq, and it is the most luminous quasar known at z > 6 


flWu et al. 


2015 ). It has a Mrp ~ 1.1 x 10®'^ Mq as (3 = 0.1 and Mrp ~ 5.9 x 10^° Mq 


as (3 = 0.5. These Mrp for this object are comparable to the black hole virial mass 
~ 1.2 X 10^° Mq. So, JOlOO+2802 will have M, > 1.2 x IO^^Mq. This larger black hole 
mass further gives rise to the most signihcant cha 


black holes in the early Universe (jVolonteri 


2012 


(enge to the Ec 

dington limit growth of 

Willott et al. 

2010 

). There are the 


same cases for the CFHQS quasars as in JOlOO+ 2 802 (s ee Figure 1). Their masses M, are 


larger than the virial masses Mrm- 


Wang et al. 


(12010111 suggested for z ~ 6 quasars that 


the supermassive black holes in the early Universe likely grew much more quickly than their 
host galaxies. The larger black hole masses M, of the quasars at x > 6 further strengthen 


this suggestion. Thus, it is important to consider the radiation pressure effect on the black 
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hole mass estimates for the AGNs with the high accre tion rates. This 


radiation pressure is consistent with that suggested by 


Marconi et ah 


impor tance of the 


fl2008h who argued 


for narrow-lin e Sey; 


Netzer 


(I2nn9h and 


ert 1 galalxies, anc 


Netzer fc Marziani 


seems to be inconsistent with the suggestions in 


(I2ninh . 


An assumption of isotropy in equations (3) and (4) is made for the central source 
luminosity L. This assumption might be signihcantly influence the estimated values of Mrp, 
and then the results of thi s paper. The a nisotropic illumination of a BLR b y the central 


radiatio n was discussed by 


Netzer 


2010 |). 


(jl987l ). and recently was in vestigated by 


2014bl). The central radiation o 


Nemmen fc Brotherton 


qua sars are anisotropic (e.g. 


Wang et ah 


Nemmen &: Brotherton 


(120 


theoretical accretion disk models of 


derived bo 


Hubenv et ah 


ometric corrections based on the 


(120001 ). and obtained an anisotropic 


correction factor o f ~ 0.8. wh e re 


assuming isotropy. 


Runnoe et ah 


= L/Liso and Liso is the total source luminosity 


fl2012[ ) got a factor of /ani ~ 0.75 for quasars. So, we take 


/ani = 0.8, i.e., L = 0.8Liso to re-estimate Mpp, and the re-estimated Mpp are compared 
to Mrm in Figure 2. Considering the anisotropy of the central source luminosity L, the 
continuum radiation pressure effects on the black hole masses M, can not be still neglected 
for the close- and super-Eddington limit accretion rate AGNs. Thus, the anisotropy of 
the centr al source luminosity c ould not influence signihcantly the main results assuming 


isotropy. 


Wang et ah 


( 2014a ) proposed the SEAMBH AGNs as the most luminous 


standard candles in the Universe. Since a part of the SEAMBH AGNs and the CFHQS 
quasars have the same behaviors in the plots of Mpp versus Mrm, the CFHQS quasars 
likely have the potential to be the most luminous standard candles in the Universe. This 
potential will extend the redshifts of the most luminous standard candles from z < 0.2 up 
to z > 6, and will be important to study the Universe because of exte nding signihcantly 


the cosmic distance bey ond the range explored by type la supernovae flRiess et ah 


1998 


Perlmutter et ah 


19991) 
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Fig. 2.— Mrp versus Mrm for the same sources as in Figure 1. The symbols and lines are 
the same as in Figure 1. Mrp are estimated as considering the anisotropy of the central 
engine luminosity L. 
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An average column density of a cloud is iVn ~ 10^^ cm“^ (uh ~ 10^° cm“^ and 
Dc ~ (2-6) X 10^^ cm). The electron Thomson scattering optical depth of the cloud is 
7 Vh(Jt ~ 10 “^ <C 1, and the cloud is optically thin, which confirms the fourth assumption of 
the model. The ionizing optical depth of the cloud is Anc^bf ~ 10^ 3> 1, and the cloud is 
optically thick to the ionizing photons. The cloud has the Stromgren radius smaller than its 
thickness. So, the cloud is partially ionized, confirming the first assumption of the model, 
and this is consistent with the constraints set by the reverberation mapping observations. 
The radiation pressure force ratio of the second to the hrst term in equation (3) has averages 
~ 1.2-6.3 for AGNs in Table 1. The hrst term of the free electron Thomson scattering is 
comparable to the second term of the recombination and re-ionization of the hydrogen ions. 
The second term becomes more important as /3 increases. The partly ionized clouds will 
be ionized more as Lion increases, and the second term would be more important as the 
central engines become brighter. The radiation pressure forces due to absorption of ionizing 


photons and Thomson scattering w ere used to moc 
virial mass Mrm (see equation 5 in iMarconi et ah 


ify t 


re expression for the black hole 


20081). As Ah ~ lO^^-lO^s cm-^, the 


modihed Mrm becomes larger by a factor of ~ 10-100 for the AGNs accreting around the 
Eddington limit. In consequence, JOlOO-l-2802 at z = 6.30 will have M, ~ 10^^~10^^ Mq 
that is nearly impossible to the Eddington limit growth of black holes in the early Universe 
because of the larger ini tial masses of prima ry black holes. If considering the line-driven 


radiation pressure force flGastor et al 


19751) . the radiation pressure forc e due to the ga s 


opaci ty will be ~ 10^ times that due to the electron scattering opacity flFerland et al 


2009). This will bring a larger mass M, ~ Mrp ~ lO^^-lO^^ Mq for JOlOO-l-2802. These 


extremely large corrected masses of the black hole in JOlOO-l-2802 indicate some problem of 
their treatments of the radiation pressure forces on the BLR clouds in AGNs, or the model 
of formation and evolution of black hole, or the model of the Universe. 


In this paper, we investigate the influences of two continuum radiation pressures. 
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usually believed negligible or not considered, of the central engines in AGNs on the black 
hole mass estimates with the reverberation mapping method or the descendent methods. 
The continuum radiation pressure forces are from two origins: the free electron Thomson 
scattering of the central radiation, and the recombination and re-ionization of the ionized 
hydrogen. The radiation pressures depend on a parameter (3, the ionized percent of the 
clouds in a BLR. The counteracted black hole masses by the radiation pressures Mrp 
are compared to the black hole virial masses Mrm for 40 AGNs with the high accretion 
rates. The masses Mpp are sensitive to f3. As (3 = 0.5, Mpp > O.SMrm for all the 
AGNs in Figure 2 . As (3 = 0.1, the radiation pressures can counteract at least about 
30-40 percent gravitational forces of the black holes for some AGNs (see Figure 1). Four 
SEAMBH AGNs at z < 0.2 and hve GFHQS quasars at z > 6.0 are around the line 
Mjip = 0.5MpM for /3 = 0.1 (see Figure la). Thus, the continuum radiation pressures 
of the central engines have to be considered in estimating the black hole masses for the 
AGNs accreting around the Eddington limit, regardless of the redshifts or the surrounding 
environments of AGNs. The most luminous quasar JOlOO-l-2802 likely has the same case 
as the nine AGNs (see Figures 1 and 2). A part of the SEAMBH AGNs and the GFHQS 
quasars is blended with the non-SEAMBH and non-GFHQS AGNs (see Figures 1 and 2). 
The close- and super-Eddington limit accreting AGNs are not different from the rest of 
AGNs. The anisotropy of the central source luminosity could not influence signihcantly 
the main results assuming isotropy. The force multiplier, the ratio of gas opacity to 


electron scattering opacity flGastor et al 


1975 


Ferland et al. 


200911 ■ will be needed for 


the AGNs with Mpp > 0.3 Mrm due to the radiation pressures in equation (3). Though, 
some extremely large masses are derived from the force multiplier ~ 10 ^ for the black 
hole in JOlOO-l-2802 (Mpp ~ lO^^-lO^^ Mq). In future, the force multiplier, due to the 


photoionization absorption, and the resonance and subordinate li ne absorption, could 


calculated with the spectral simulation code Gloudy described by 


Ferland et al. 


( 119981 1 . 


De 

















and with detailed parameters of the BLR structure, the cloud distribution, the gas density 
of cloud, the chemical abundances of gas, the central continuum, and the observed emission 
lines, for each high accretion rate AGNs. 
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Table 1. Sample of AGNs with the virial black hole masses 


Name 

( 1 ) 

Z 

( 2 ) 

log 

(3) 

(4) 

Refs. 

(5) 

log 
® Mq 

( 6 ) 

1 Mri p 

(7) 

Mrk 335 

0.026 

43.86 ± 0.04 

7.15 + 0.11 

1 

6.06 + 0.04 

7.26 + 0.04 

PG 0026+129 

0.142 

45.02 ± 0.06 

8.59 + 0.11 

1 

7.24 + 0.06 

8.46 + 0.06 

PG 0052+251 

0.155 

44.96 ± 0.08 

8.57 + 0.09 

1 

7.18 + 0.08 

8.40 + 0.08 

3G 120 

0.033 

44.17 + 0.08 

7 74+0-25 

1 

6.37 + 0.08 

7.58 + 0.08 

PG 0844+349 

0.064 

44.35 ± 0.04 

7.97 + 0.18 

1 

6.56 + 0.04 

7.77 + 0.04 

Mrk 110 

0.035 

43.72 ± 0.09 

7.40 + 0.11 

1 

5.92 + 0.09 

7.12 + 0.09 

PG 0953+414 

0.234 

45.22 ± 0.06 

8.44 + 0.09 

1 

7.45 + 0.06 

8.67 + 0.06 

PG 1211+143 

0.081 

44.75 ± 0.07 

8.16 + 0.13 

1 

6.97 + 0.07 

8.18 + 0.07 

PG 1226+023 

0.158 

45.96 ± 0.05 

8.95 + 0.09 

1 

8.20 + 0.05 

9.43 + 0.05 

PG 1229+204 

0.063 

44.08 ± 0.05 

7.86 + 0.21 

1 

6.28 + 0.05 

7.49 + 0.05 

NGC 4593 

0.009 

43.09 + 0.14 

Q 70 + 0.76 
o- /O_o 5g 

1 

5.27 + 0.14 

6.47 + 0.14 

PG 1307+085 

0.155 

44.88 + 0.04 

8.64 + 0.12 

1 

7.10 + 0.04 

8.31 + 0.04 

IG 4329A 

0.016 

43.32 + 0.05 

7-00l°;^« 

1 

5.51 + 0.05 

6.70 + 0.05 

Mrk 279 

0.030 

43.88 + 0.05 

7.54 + 0.11 

1 

6.08 + 0.05 

7.28 + 0.05 

PG 1613+658 

0.129 

44.98 + 0.05 

8.45 + 0.20 

1 

7.20 + 0.05 

8.42 + 0.05 

PG 1700+518 

0.292 

45.63 + 0.03 

8.89l°;J° 

1 

7.87 + 0.03 

9.09 + 0.03 

NGC 7469 

0.016 

43.72 + 0.02 

7.09 + 0.05 

1 

5.92 + 0.02 

7.12 + 0.02 

*Mrk 335 

0.026 

43.65 + 0.06 

6.87l°;l° 

2 

5.84 + 0.06 

7.04 + 0.06 

Mrk 1044 

0.017 

43.06 + 0.10 

6-45ig;ll 

2 

5.24 + 0.10 

6.43 + 0.10 

Mrk 382 

0.034 

43.08 + 0.08 

D.OU_q 29 

2 

5.26 + 0.08 

6.46 + 0.08 

Mrk 142 

0.045 

43.52 + 0.06 

D.Oy_Q Q-jr 

2 

5.71 + 0.06 

6.91 + 0.06 

IRAS F12397 

0.043 

44.19 + 0.05 

^^-0.45 

2 

6.40 + 0.05 

7.60 + 0.05 

Mrk 486 

0.039 

43.65 + 0.05 

' -^^-0.06 

2 

5.84 + 0.05 

7.04 + 0.05 

Mrk 493 

0.031 

43.07 + 0.08 

6 14+0-04 

2 

5.25 + 0.08 

6.45 + 0.08 

IRAS 04416 

0.089 

44.43 + 0.03 

G 70+0-31 

0 - <^o_o.06 

2 

6.64 + 0.03 

7.85 + 0.03 

SDSS J075101 

0.121 

44.08 + 0.05 


2 

6.28 + 0.05 

7.49 + 0.05 

SDSS J080101 

0.140 

44.23 + 0.03 

6.78t0;34 

2 

6.44 + 0.03 

7.64 + 0.03 

SDSS J081441 

0.163 

43.97 + 0.07 

6 Q7+0-23 
O-y^-0.27 

2 

6.17 + 0.07 

7.37 + 0.07 

SDSS J081456 

0.120 

43.95 + 0.04 

7 44+0-12 
^•^^-0.49 

2 

6.15 + 0.04 

7.35 + 0.04 

SDSS J093922 

0.186 

44.03 + 0.04 

6 53+0-07 

U.OO_Q 33 

2 

6.23 + 0.04 

7.44 + 0.04 

J0210-0456 

6.438 

45.60+ 0.05t 

7 QO+O-^O 

/.yu_Q 22 

3 

7.66 + 0.05 

8.88 + 0.05 








Table 1—Continued 


Name 

Z 

log 

^ erg 


Refs. 

log 
® Mq 

log 
^ Mq 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

J2329-0301 

6.417 

45.83 ±0.05t 

8.401^7 

3 

7.89 + 0.05 

9.11 + 0.05 

J0050+3445 

6.253 

46.51 ± 0.04t 

9.4C°;°« 

3 

8.59 + 0.04 

9.82 + 0.04 

J0221-0802 

6.161 

45.68 ± 0.04t 

8.85t°i^ 

3 

7.74 + 0.04 

8.96 + 0.04 

J2229+1457 

6.152 

45.76 ± 0.04t 

8.08t°:?| 

3 

7.82 + 0.04 

9.04 + 0.04 

J1509-1749 

6.121 

46.62 ± 0.04t 

Q 48 + 0'04 

y-^o_0.04 

3 

8.70 + 0.04 

9.93 + 0.04 

J2100-1715 

6.087 

45.97 ± 0.04t 

o-y ^ _0.i2 

3 

8.03 + 0.04 

9.26 + 0.04 

J1641+3755 

6.047 

46.06 ±0.05t 

Q oc+0.18 

o-'jo_0.i4 

3 

8.13 + 0.05 

9.35 + 0.05 

J0055+0146 

5.983 

45.78 ±0.05t 

Q QQ + 0- 16 

o-oo_0.i3 

3 

7.84 + 0.05 

9.06 + 0.05 

NGC 4051 

0.002 

41.92 + 0.19 

0.4Z_0.53 

2,4,5 

4.08 + 0.19 

5.26 + 0.19 

PG 2130+099 

0.063 

44.16 + 0.03 

/.UO_Q 10 

2,4,6 

6.36 + 0.03 

7.57 + 0.03 


Note. — Column 1: AGN names; Column 2: redshifts of objects; Column 3: Optical 
luminosity mainly around 5100 A at rest frame; Column 4: the black hole masses estimated 
from the reverberation mapping observations; Column 5: the references for columns 3 and 
4; Column 6 : the black hole masses counteracted by the continuum radiation pressure as 
/3 = 0.1; Column 7: the black hole masses counteracted by the radiation pressure as /3 = 0.5; 
The sign * denotes the other measured results for the same source as in the first part of 
Table 1 . The sign ^ denotes the UV luminosity around 3000 A at the rest frame of source. 


References: (1) 

Peterson et al. 

20 

34 

, ( 2 ) 

Du et al. 

201E 

, (3) 

Willott et al. 

2010 

, (4) 

Bentz et al. 

2013 

, (5) 

Dennev et al. 

2010 

, ( 6 ) 

Grier et al. 

2012 











































